) of their first year. Movements of 1 to 2.5 km d −1 characterized the remainder of the tracking period, suggesting that surviving birds were able to establish local territories. Of the 25 tagged birds, 8 (32%) survived throughout the observation period, based on transmitter failure rates, with losses increasing each winter. The majority of birds remained on the Texas/ Mexico coast of the Gulf of Mexico, indicating that the population is largely resident and therefore vulnerable to coastal habitat alterations in the region. Due to a combination of infrequent long-distance migration, specialized behaviors, and apparent limited gene flow, habitat maintenance should be of primary importance for management of this rare species. This is among the first published studies of heron movement ecology using telemetry, and should be followed by further tracking with developing technologies to characterize high-resolution movements and habitat associations.
INTRODUCTION
Natal dispersal is defined as movement of an individual from its place of birth or a center of population density (Koford et al. 1994) . Knowledge of the dispersal and subsequent movements made by individuals are vital to the understanding of a species' ecology. Additionally, information concerning all age classes of a species is essential to a thorough understanding of population dynamics, especially in waterbirds, which exhibit delayed sexual maturity relative to many other avian groups at 3 to 4 yr of age (Lowther & Paul 2002 , Gill 2007 . Understanding an organism's dispersal capabilities is also integral to the development of conservation strategies at appropriate scales, especially in birds that may travel great distances (Melvin et al. 1999) . Failure to appropriately consider scale can easily lead to an over-expenditure of time, resources, and effort to manage areas that individuals underutilize or leave quickly (Warkentin & Hernandez 1996) .
ABSTRACT: Understanding natal dispersal patterns of animals is critical to development of effective species conservation plans, as it ensures that population management takes place at appropriate scales. The reddish egret Egretta rufescens is a threatened waterbird species lacking documentation on many aspects of its ecology, including movement behaviors at all life stages. We attached satellite transmitters to 25 juvenile reddish egrets on their natal colonies and observed their dispersal patterns and subsequent movements over a period of 115 wk (May 2010 -August 2012 . Birds exhibited the greatest movement rates in the remainder of the first breeding season (through July 2010, ~10 to 13 wk of age, 11.07 km d In addition to measurement of animal movements, understanding the life stage at which populations suffer the greatest degree of mortality is equally important in conservation planning (Spear et al. 1987 , Allard et al. 2006 , Davis & Restani 2006 , Wiens et al. 2006 . Through a combination of their newfound mobility and inexperience relative to older birds, juveniles may be more likely to interact naively with predators or venture into suboptimal habitat, decreasing their probability of healthy growth and/or survival (Anders et al. 1997 , Davis & Restani 2006 , Wiens et al. 2006 . Declines of juveniles entering adulthood in good health, in tandem with low immigration rates, could have consequences for the overall fecundity and maintenance of a population over the long term (Clutton-Brock 1988 , Anders et al. 1997 , Lindström 1999 , Martin et al. 2007 ).
The reddish egret Egretta rufescens is a plumagedimorphic, medium-sized heron found along the Gulf of Mexico and Pacific coast of Mexico in North America, as well as southward into Central America and eastward throughout most of the Caribbean (Lowther & Paul 2002) . Information on the life history of juvenile reddish egrets is limited, with many aspects of their ecology completely lacking documentation. This is particularly troubling given the species' threatened status in the states of Texas and Florida, and designation as a species of concern at the federal level (Kushlan et al. 2002) . As habitat specialists that primarily forage in coastal tidal flats and shallow waters (Lowther & Paul 2002 , Green 2005 , Bates & Ballard 2014 , reddish egret populations that do not travel long distances may be particularly vulnerable to habitat alteration and loss. To develop effective management plans, information describing the movements of juveniles during their first years after leaving the natal colony is critical. Therefore, the primary objective of this research was to examine the movement behaviors of juvenile reddish egrets hatched on the Texas coast. Texas contains the greatest concentration of breeding reddish egrets globally (Green 2006) and is therefore an ideal region in which to study their movements. To acquire continuous movement and survival information across a potentially large geographic area, we tracked a cohort of juveniles using satellite telemetry. Movement rates are of interest as they provide insight into the time and energy budgets of an organism. If a nearby area that contains abundant resources becomes locally available, it is assumed that a nonbreeding individual will establish itself there, remaining stationary for a period of time (as long as optimal conditions hold and prey remains) and conserving energy (Smith 1978 , Greenwood & Harvey 1982 , Lowther & Paul 2002 . Persistent movement during non-migratory periods could be indicative of a lack of consistency in quality habitat, or intense competition in which an inexperienced juvenile is subordinate to more established adults (Greenwood et al. 1979) .
In addition to examining movements, we estimated survival in this cohort. Nesting success rates in reddish egret colonies appear to be quite high (> 85%) in the absence of complete colony failure (Holderby et al. 2012 ), but survival rates of juveniles and adults remain unknown, preventing a complete understanding of limiting factors to reddish egret population recovery. Compounding this problem for the species is the low efficiency (32 and 42% success in adults, 25 and 29% success in juveniles in Florida and Texas, respectively) and high energetic cost of its active foraging strategies (frequent 'open-wing' running) relative to other egret species (Rodgers 1983 , Lowther & Paul 2002 , Green 2005 . Juvenile foraging success is consistently lower compared to adults (Bates & Ballard 2014), as most do not develop a full repertoire of hunting tactics until maturity, as foraging behaviors are not taught by parents (Rodgers 1983) .
Key wintering localities for reddish egrets have been noted (Mikuska et al. 1998) , and our study determines whether young birds utilize these areas early in life or explore other areas extensively. Of particular interest is whether birds from this cohort travel outside the Gulf of Mexico and join the Baja California or Caribbean populations of birds. The information gathered from this study will provide ecological data comparable to the conclusions of Hill et al.'s (2012) recent genetic assessment, which recommends the management of the species as 3 evolutionarily significant units (Wilson et al. 2014 ). Longdistance dispersal, if detected, would be encouraging when considering the species' persistence at the global level in the face of local habitat loss.
MATERIALS AND METHODS

Data collection
We initiated field work for this project in May 2010. The Laguna Madre, a hypersaline lagoon comprising about 209 km of Texas coastline, served as the primary site of reddish egret capture. The majority of reddish egrets in Texas breed in low vegetation, particularly Borrichia spp. and Opuntia spp., within the Laguna Madre, so we visited several islands at which previous research on the species has been conducted (Bates et al. 2009 , Hill et al. 2012 , Holderby et al. 2012 , Holderby & Green 2013 , Bates & Ballard 2014 . We surveyed islands frequently before the capture period to assess reddish egret nesting status. Once juveniles were large enough for capture (6 to 7 wk of age, 16 June to 12 August 2010), we returned to the islands by boat and anchored ~50 m offshore to minimize disturbance to the colony. After wading to the island, we approached a juvenile until it was apparent that the bird was not yet capable of strong flight. We captured birds on the ground using a landing net and brought them back to the boat for transmitter attachment; we caught 25 juveniles using this method. We fitted each individual with a 12 g solar-powered satellite-received transmitter (platform transmitter terminals; Microwave Telemetry) mounted on a backpack-style harness (Miller et al. 2005 ) made of Teflon ribbon (~11 mm width) and fabric-surfaced rubber composite material. GPS technology was not included due to concerns for the weight of the apparatus relative to juvenile weight. Sufficient slack was left in the harnesses to minimize transmitter movement while allowing room for the birds to grow without interference. The full apparatus was < 4% of any bird's total weight, well within the advised requirements for telemetry research on birds (Caccamise & Hedin 1985) . We weighed each individual to the nearest 5 g using a Pesola spring scale, and measured culmen, tarsus, and middle toe length, which were used to calculate a body condition index. We attached a uniquely marked colored leg band on the left tarsus and a US Geological Survey (USGS) aluminum leg band on the right tarsus of each individual under authority of USGS Bird Banding Lab Permit 23546 to M.C.G. We also collected 1 to 2 tail coverts from each individual for sex determination using the methods of Fridolfsson & Ellegren (1999) with quantities adjusted to 50 µl volumes to accommodate the BIO-RAD PTC-100 thermocycler (Hill 2009 ). However, after laboratory work was completed, the cohort was found to contain 21 males and only 4 females, so sex was not considered in some movement analyses. Total handling time for each individual was < 40 min, with some being released within 15 min. After transmitter attachment, we returned individuals to the colony and observed them from the boat to confirm resumption of normal movement and behavior. Data collection began immediately following transmitter deployment and continued through August 2012, yielding 115 wk of information. All field protocols were approved by the Institutional Animal Care and Use Committee at Texas State University (No. 0931_1015_35).
Transmitters had a theoretical life of 3 yr and possessed a 10 h on/48 h off duty cycle, producing about 1 high-quality (see below) location per cycle. Data were collected using the Argos data collection system (CLS America). We downloaded data as Microsoft Excel spreadsheets; in this format, we converted information into attribute tables in ArcGIS Version 9.3.1 (ESRI), which we used to create shape file overlays. Bird locations (latitude/longitude) were reported in 1 of 6 classes, each associated with an error radius. Location points that use ≥4 satellite messages in their calculation by Argos received a rating from 0 to 3 with a corresponding error radius. Points that used < 4 messages were considered unreliable and discarded. Once mapped in ArcGIS, data points were sorted by location class. The 2 most accurate location classes, 3 and 2, were the only classes retained for our analyses. These points were also processed with a speed filter to remove biologically unrealistic locations (McConnell et al. 1992) , using the package 'argosfilter' in the program R (R Core Team 2013) with a maximum threshold velocity of 50 km h −1 . This is a slightly liberal upper limit based on observed reddish egret flight speeds of 40 to 45 km h −1 (B. M. Ballard unpubl. data).
Movement analyses
Maximum dispersal distance from natal colony (km) was calculated as the great-circle distance from the center of the natal colony to the furthest movement point recorded from the colony during the observation period. In addition to considering plumage morph as a predictor of this measure, we also examined potential effects of body condition at capture by calculating a body condition index in which the body mass of each bird was corrected to its structural size. Principal components analysis (PCA) was used to rank the structural size of each individ-ual based on the 3 structural measurements taken from each bird (tarsus, middle toe, and culmen). The first principal component (PC1) accounted for 72.1% of the variance, with factor loadings for tarsus, middle toe, and culmen of 0.60, 0.62, and 0.50, respectively. The PC1 score was then regressed on body mass and found to be a significant predictor (r 2 = 0.32, p = 0.002), and the terms from this regression were used to calculate a corrected body mass index (CBM) according to the methods of Ankney & Alisauskas (1991) . This index, along with plumage morph, was used in a simple linear regression to investigate potential effects on maximum dispersal distance.
To examine temporal differences in movement rates, we calculated daily movement rates (km d −1 ) using great-circle distances along the individuals' paths. We divided movement rates for each bird into 3 periods corresponding to the breeding season (March to July), post-breeding period (August to November), and winter (December to February) (Lowther & Paul 2002 , Holderby et al. 2012 . Model selection was performed using Akaike's information criterion adjusted for small sample size (AIC c ) (Burnham & Anderson 2002) using linear mixed effects models built with the following candidate predictors in various combinations: season, year (1 to 3), plumage morph, sex, and CBM. Individual bird identity was included in all models as a random effect. In addition to identifying the best fitting model, competitive models (i.e. those with ΔAICc < 2) were used to derive model-averaged parameter estimates, unconditional standard errors, and p-values using the R package 'MuMIn'. All analyses were performed in the program R, Version 3.0.2 (R Core Team 2013).
Survival analyses
Analysis of juvenile reddish egret survival was complicated by a lack of mortality sensors on the transmitters, as concerns about apparatus weight precluded the use of the optional attachments offered by the manufacturer. Additionally, attempts to distinguish transmitter failures from true mortalities using transmitter engineering data were inconclusive. Because of this, it is impossible to determine the fates of many birds after loss of a signal due to occasionally large error radii on the last known locations, as well as movement to logistically inaccessible areas prior to signal loss. In our descriptive results, we use the neutral term 'last transmission' to avoid potential false determinations of bird fates. Though probably an overestimation of mortality, consideration of all transmitter failures as mortalities in survival analyses, as done by Millsap et al. (2004) , still allows for reasonable comparisons of survival between different subgroups as transmitter failure rates should be equal among groups of comparative interest.
The nonparametric Kaplan-Meier estimator (Kaplan & Meier 1958), using Pollock et al.'s (1989) modification for staggered entry of subjects, was used to derive survival estimates on a weekly scale. Individuals whose signals were lost and did not return by the end of the study were considered mortalities from the week of their last transmission. As the KaplanMeier estimator does not consider predictors of survival on its own, the log-rank test (Savage 1956 , Kalbfleisch & Prentice 1980 , Cox & Oakes 1984 using Cox & Oakes' (1984) variance calculations, was used to make pairwise comparisons between curves for sexes, morphs, and natal colonies, as recommended by Pollock et al. (1989) . Analysis of Bird 59943, the only individual captured at North Island on Long Reef, was included in sex and morph comparisons but was removed from comparisons between natal colonies. All survival calculations and analyses were performed in Microsoft Excel (Microsoft Corporation, Version 2010).
RESULTS
Movements and trends
We captured and placed transmitters on 14 dark morph and 11 white morph reddish egrets (Table 1) . Maximum distances traveled from natal colonies averaged 241.29 (± 61.00) km. Neither body condition nor color morph was found to have a significant effect on maximum distance traveled from the colony (CBM: t = 0.25, p = 0.81; morph: t = −1.01, p = 0.33; Table 1 ). Furthest movement records were evenly distributed northward and southward of an individual's natal colony (54% southward), while movements to or permanent relocations to Laguna Madre de Tamaulipas, Mexico, were most common (Fig. 1) . The 3 birds that remained in the Tamaulipas area through the remainder of the observation period were all dark-morph males from 2 different colonies.
Overall, birds exhibited the greatest movement during the first 6 mo of observation, after leaving the natal colony for extended periods of time. Another bird's signal was lost before it departed its natal colony, and 14 of the remaining 23 birds foraged outside the normal foraging range of their natal colony (~9.3 km; B. Ballard unpubl. data) once they initially dispersed. Permanent departures from the natal colony occurred 6.45 (±1.37) wk, on average, after transmitter attachment (12 to 13 wk after hatching). The immediate period of post-fledging dispersal was characterized by frequent movements, as the birds explored the coastal areas surrounding (within 15 km of) their natal grounds. Movements for the remainder of this breeding period averaged 11.07 (±1.24) km d −1
. In mid-November, movements decreased and were minimal by January 2011, when birds appeared to settle into wintering areas. Average movements decreased by 60% during this period from 4.87 (±1.07) km d −1 during the post-breeding period to 1.96 (± 0.31) km d −1 in their first winter (Fig. 2) . Out of the entire cohort, 17 birds provided sufficient data to determine their general wintering grounds. Most of the birds wintered on the Texas coast or in Laguna Madre de Tamaulipas, Mexico, at an average distance of 122.94 (± 20.48) km from their natal colony. One bird settled in Florida and continued providing locations into the wintering period. Movements increased again in the 2 nd post-breeding period (38% increase in mean movement rate after the 2 nd breeding period; Fig. 2 ), and additional longdistance movements occurred through the remainder of 2011, but movement levels never reached the extent of the initial 6 mo post-fledging. The birds were almost entirely sedentary through the first 8 mo of 2012, aside from 1 bird's return to Tamaulipas from Veracruz, Mexico (see below).
AIC model selection considered the model containing season, sex, and year as predictors of movement rates to have the highest support. Three other models were considered competitive, and so these 4 were averaged to derive parameter estimates (Table 2) . Based on this final model, which contained all 5 predictors, both season and year had a significant negative effect on bird movement, but not sex, morph, or body condition.
Some birds made unexpected movements within months of transmitter deployment. A dark-morph male (Bird 59943) captured on North Island traveled northeast to eastern Louisiana in its first autumn. This bird's last transmission occurred on 12 September 2010 in the town of Luling, Louisiana (last loca- Other long-distance or unusual movements occurred later in the observation period. A whitemorph male captured on East Flats Spoil Island (Bird 59945) traveled as far south as the US/Mexican border in summer 2011 before moving northward, past its natal colony, and inland until reaching the Choke Canyon Reservoir in McMullen County, Texas (~150 km from the coast), where it remained until its last transmission on 1 March 2012 (last location: 28.510°N, 98.397°W). While the individual movements that brought this bird to its last location are not unusual, this is the furthest inland movement by an individual within the study cohort, exceeding all other birds by ~100 km. Finally, the longest dispersal event occurred in late 2011, when a darkmorph female from East Flats Spoil Island (Bird 59878) traveled from northeastern Tamaulipas to coastal Veracruz, Mexico, between the cities of Veracruz and Coatzacoalcos (representative location: 18.495°N, 95.588°W). High-quality locations show the bird departing Tamaulipas around 9 November, and arriving in Veracruz around 30 November. After remaining in the same area for several months, transmissions from Veracruz ceased after 5 May 2012, and the bird resumed transmission in Tamaulipas on 9 June. Investigation of lower-quality locations suggest that this journey took place sometime between 24 May and 1 June, and the bird presumably followed the coastline.
Survival
At the end of the observation period, 8 of the original 25 transmitters were still reporting location data, resulting in annual survival estimates of 0.76 (95% CI: 0.59−0.92) for the first year, 0.53 (95% CI: 0.30−0.75) for the second year, and 0.80 (95% CI: 0.55−1.00) for the 12 wk of the third year that were within our study period (Fig. 3a) . (Fig. 3b−d) . Losses occurred at a mostly constant rate until November of 2011, with a bird ceasing transmission about once every 3 mo. As winter arrived, however, losses accelerated considerably, with transmissions ceasing at a rate of almost 1 ind. mo −1
. The survival curve of the cohort indicates that the signal loss rate may have been slowing again as the observation period ended, suggesting increased survivorship in summer 2012.
DISCUSSION
Our cohort of reddish egrets appears to exhibit the typical pattern of post-fledging winter dispersal after a nomadic first summer, as seen in many bird species (Rydzewski 1956 , Boddy 1983 , Stahl & Sagar 2006 . After an initial bout of exploration, they settled in areas that have been previously identified as key wintering areas for adult reddish egrets, particularly in the coastal regions of Tamaulipas, Mexico. Though not a surprising result, this study is the first to confirm that juveniles use these areas as well.
In addition to the results of our statistical analyses, some important information could be reported descriptively. For example, it is interesting that banding records indicate male-biased dispersal in reddish egrets (M. C. Green unpubl. data), yet a female made the longest journey from the Laguna Madre. This is the first recorded long-distance movement of a juvenile female reddish egret, and future studies should consider larger numbers of birds equipped with transmitters to increase the likelihood of a more balanced sex ratio. This would help to determine the frequency of long-distance female movements in the species, which could influence potential gene flow among populations. Overall, variation in dispersal and movement measurements exists for the most part among individual birds. This could be the result of unknown events occurring in the travels of some birds, such as the chance discovery of unoccupied quality habitat patches or birds being consistently out-competed in areas of high density, but it may also be a real function of differences in individual bird behavior. In birds, many behaviors are now considered in the context of individual personalities (Wilson et al. 1993 , Wilson 1998 , Bolnick et al. 2003 , with some individuals being more bold or exploratory than others (Roshier et al. 2008) . If this is the case in this cohort, it would appear that most young reddish egrets are not predisposed to travel long distances in their search for wintering areas, which could inhibit population growth if sufficient amounts of suitable habitat are not locally available.
Based on our results, it would appear that juvenile reddish egrets do not differ markedly from other juvenile waterbird species in their general movement patterns. While these similarities may seem to indicate that some aspects of a reddish egret conservation plan do not need to be substantially different from those of other waterbirds, the species' restricted geographic range and unique habitat requirements and foraging behaviors still highlight the necessity for species-specific recommendations (Wilson et al. 2014) . Furthermore, these results do not offer evidence that reddish egrets possess any particular resilience to coastal disturbances compared to other waterbird species. In fact, due to the specialized aspects of their life history, relying on shallow flats and lagoons to hunt small fish (Lowther & Paul 2002 , Holderby et al. 2014 , reddish egrets may be especially vulnerable to the habitat alterations currently impacting the species' range (Green et al. 2011) . As coastal development in the Gulf of Mexico increases, due to human populations growing and shifting toward coastal areas (Cendrero & Fischer 1997) , habitat is gradually being replaced by man-made structures (Leu et al. 2008) . Habitat is also being lost to rising sea levels in the region, a problem exacerbated by increasing severity and frequency of hurricanes (Gornitz 1995 , Webster et al. 2005 , Leberg et al. 2007 . With the species' apparent reluctance to move inland, management of reddish egret populations will be difficult if habitat continues to degrade. The relative lack of long-distance migrations, small dispersal distances, and limited gene flow between populations in this species (Hill et al. 2012 ) compared to some other waterbirds (Kenow et al. 2002 , Miller et al. 2005 , Bryan et al. 2008 suggest that juveniles of this species may struggle to successfully relocate when their original territories are reduced or lost. From our data and previous knowledge (Holderby et al. 2012 ), it appears that mortality in juvenile reddish egrets could be rather high, and may be the life stage that limits overall population growth. Exact estimates of survival from confirmed mortalities could not be derived from this cohort due to the limitations of the satellite transmitters' location accuracy across our large study area. Future studies observing reddish egrets should be made using GPS technologies, thus allowing for greater location precision to aid in relocating transmitters and confirming mortalities, especially as juveniles were found to be larger in mass than expected and could carry the additional load. The newer GPS technologies could also help to characterize flight patterns during long-distance dispersal events and identify unusual movements (such as the potential flight across the Gulf of Mexico by Bird 59874), as the PTTs do not provide sufficient accuracy for tracking flight paths, especially paths that occur over short periods of time (e.g. days). However, any bias in our method of calculating survival is constant across all individuals, providing some validity to the comparisons presented, which suggest constant survival rates across all measured groups. Furthermore, as warmer months are typically considered times of greater prey availability for many bird species (Mitchell et al. 2000 , Gill 2007 , the coincidence of increased signal loss with the onset of winter supports our treatment of failures as mortalities. Based on these results, survival of juveniles appears to be lower than that of nestlings (Holderby et al. 2012 ), but these estimates still require comparison to adults to more confidently define the life stage that limits reddish egret populations. Further investigations and comparisons with juvenile survival rates of other heron species could reveal informative patterns in the demography of the Gulf Coast's diverse waterbird community.
Further research into the movements and survival of reddish egrets should continue attempts to confirm whether differences exist between morphs in this species, especially as band resighting evidence and long-distance dispersal events from this study suggest that, for the most part, dark morphs may disperse further than white morphs (M. C. Green unpubl. data). Additional comparisons of sexes, as previously mentioned, would also be informative. Increasingly accurate and miniaturized telemetry technologies would also benefit future tagged cohorts to increase location accuracy, allowing for more precise characterization of movement behaviors and habitat associations. Finally, similar studies should be conducted within the other genetically distinct populations of reddish egrets (western Mexico, Florida/Bahamas) to assess the potential variability in movement strategies and survival rates across the species' range given the different environments used by the species in different regions. Taken together, current and future research on the movement ecology of reddish egrets will contribute substantially to the understanding and conservation of North America's rarest and most unique heron species. 
